Carbodiimide inactivation of Na,K-ATPase, via intramolecular cross-link formation, is due to inhibition of phosphorylation.
We have recently shown that inactivation of renal Na,K-ATPase by 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide occurs via an intramolecular cross-link formed between an activated carboxyl group and an endogenous nucleophile (Pedemonte, C.H., and Kaplan, J.H. (1986) J. Biol. Chem. 261, 3632-3639). The modified enzyme shows the same level of Rb+ binding as untreated enzyme: 3.16 and 2.93 ATP-sensitive mumol of Rb+ binding/mumol of phosphoenzyme, respectively. Thus, the Rb+ binding site and the transition accomplished by low affinity nucleotide binding which accelerates de-occlusion are not greatly affected by the carbodiimide inactivation. 1 mM K+ reduces the ADP binding to the high affinity nucleotide binding site to the same extent in normal and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide-treated enzyme and Na+ counteracts this effect. Thus, the competition between Na+ and K+ ions for binding to the free enzyme are also largely unaltered by the modification. Phosphorylation from ATP (microM) in the presence of Na+ and Mg2+ ions and from inorganic phosphate in the presence of Mg2+ ions (in the absence or presence of ouabain) is greatly inhibited (85%) following carbodiimide treatment. The extent of inhibition of phosphorylation quantitatively correlates with the residual Na,K-ATPase activity (15%). Consequently, the rate of inactivation by carbodiimide is reduced when a greater proportion of the enzyme is in the phosphorylated form. Fluoroscein isothiocyanate, which inhibits the Na,K-ATPase by covalently modifying a lysine residue close to the high affinity binding site for ATP in the alpha-subunit does not bind to the carbodiimide-inactivated enzyme. Since high affinity nucleotide binding is only partially inhibited by the modification produced by the carbodiimide this suggests that the lysine residue to which fluoroscein isothiocyanate binds is not specifically required for competent nucleotide binding.